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Zero Energy Buildings (ZEB) Definitions 

• Net Zero Site Energy:  A site ZEB produces at least as much 
energy as it uses in a year, when accounted for at the site.      

• Net Zero Source Energy:  A source ZEB produces at least as 
much energy as it uses in a year, when accounted for at the 
source.  Source energy refers to the primary energy used to 
generate and deliver the energy to the site.  To calculate a 
building’s total source energy, imported and exported energy is 
multiplied by the appropriate site-to-source conversion 
multipliers.    

• Net Zero Energy Costs:   In a cost ZEB, the amount of money 
the utility pays the building owner for the energy the building 
exports to the grid is at least equal to the amount the owner pays 
the utility for the energy services and energy used over the year.   

• Net Zero Energy Emissions:  A net-zero emissions building 
produces at least as much emissions-free renewable energy as it 
uses from emissions-producing energy sources.  

Source:  Zero Energy Buildings:  A Critical Look at the Definition--Paul Torcellini, Shanti Pless, and Michael Deru, 
National Renewable Energy Laboratory, Drury Crawley, U.S. Department of Energy  



The Passivhaus Standard 
 

• Heating Load (Site): 4.75 kBTU/SF/YR 

• Cooling Load (Site): 4.75 kBTU/SF/YR 

• Total Energy Demand (Source): 38 kBTU/SF/YR 

• Air Tightness: 0.6 ACH @ 50pa 

 

* Square footage referenced to ―treated floor area‖ not gross 

• A prescriptive standard—any number of strategies may be 
employed so long as the building meets these performance 
criteria 

• 80-90% reduction in heating and cooling cost and 65%-
75% reduction in total energy use compared to typical new 
construction 





Passivhaus Concept 
Controlling Heat Loss… INSULATION 



Passivhaus Concept 
Controlling Heat Loss… ELIMINATE THERMAL BRIDGES 



Passivhaus Concept 
Controlling Heat Loss… REDUCE AIR INFILTRATION 

.6 ACH @ 50 PA 









Larsen Truss 













Thermal Bridge 

Analysis using 

THERM 

software 



Hygrothermal Analysis of  

Assemblies over Time 

Modeled using WUFI software 











Site-made EPDM rubber 

gaskets for Air Barrier 

penetrations 





Passivhaus Concept 
Capturing Heat Gains… PEOPLE 



Passivhaus Concept 
Capturing Heat Gains… EQUIPMENT 





Optimize Heat Gains:  

Indoor Environmental Heat Gains 
1 candle = 30W 

1 incandescent light bulb = 100W 

1 person = 100W 

1 hair dryer = 1500W 

What is the Peak Heating Load for a 1200 sq. ft. Passive 

House? 

Roughly 5200 BTU/hr or about 1500W 

Equivalent to 15 people or 50 candles or 1 hair dryer! 

 



Passivhaus Concept 
Capturing Heat Gains… SOLAR ENERGY 











Daylighting 



Passivhaus Concept 
Controlling Gains Seasonally… WINDOWS, SHADING & ORIENTATION 

>.5 SHGC ON SOUTH WINDOWS 

SUMMER SHADING 



Windows that perform better than walls? 

 

In a sense…YES! 



Transmission Losses Heat Gains Solar Radiation 

kBTU/yr kBTU/yr 

825 338 

1374 1339 

4560 11518 

550 548 

0 0 

7308 13743 

Window Area 

Orientation 

maximum: 

North 

East 

South 

West 

Horizontal 

Optimize Heat Gains:  

Passive Solar Heat Gains 

Net Gain Windows 



Recipe for a Net-Gain Window: 

•Very low U-value 

•Very High Solar Heat Gain Coefficient 



Passivhaus Concept 
Providing Fresh Air… BALANCED ENERGY RECOVERY VENTILATION 

CO2 Sensor Controls so that ventilation matches 

occupancy levels 

>87% Heat Recovery (by US testing methods)  

>75% Heat Recovery (by European testing methods) 



Why Ventilate? 

• CO2 

• Volatile Organic Compounds (VOCs) 

• Sick Building Syndrome 

• Radon 

 

  ―I am certain that no air is so unwholesome as 

air in a closed room that has been often 

breathed and not changed.‖ –Benjamin Franklin 

 



Centralized 

Energy 

Recovery 

Ventilation 

System 



Decentralized 

Energy 

Recovery 

Ventilation 

System 



Subtract 12% from N. 

American Testing for PHPP 

Must be greater than 75% 







Passivhaus Concept 
INTEGRATED SYSTEMS 



Passivhaus Concept 
PASSIVE HOUSE PLANNING PACKAGE ENERGY MODELING 







Passivhaus Results 

• 80-90% reduction in heating and cooling loads when compared 
to Code 

• 65%-75% reduction in total energy demand 

• Superior indoor air quality 

• Occupant comfort 

• Increased student performance 

• Lower annual energy costs 

• Smaller carbon footprint 

• Best Strategy to Net-Zero Energy:  Reduce first, then 
produce renewable Energy 

 

 


